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ﬁ our technology: comparison
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markets and technology evolution

2004 2007
[n;;;gt] electrochemistry % of market % of market, lithium electrochemistry % of market % (Ti'trr:i‘l?rr:et’
automotive 15.4 Lead-Acid 98% 0% Lead-Acid 94% 1%
Ni-Cd 2% Ni-MH 5%
Total 100% Li-lon 1%
Total 100%
portable 17.0 Alkaline 58% 18% Alkaline 48% 40%
electronics Ni-MH 12% Ni-MH 12%
Ni-Cd 12% Li-ion 40%
Li-ion 18% Total 100%
Total 100%
medical 1.2 Lead-Acid 17% 34% Lead-Acid 12% 49%
Zn-Air 43% 2Zn-Air 33%
Li 28% Li 28%
Li-ion 6% Li-ion 21%
Alkaline 5% Alkaline 5%
Total 99% Total 99%
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biomedical applications: present

hearing devices: Ni-Cd, Li/l

@@ implantable device | market size ($)
- intraocular device:Zn/AgO - - —
- hearing device 5 billion
neuro-stimulator: Li/l, Li/CFx intraocular device 1 billion
) neurostimulator 11 billion
pacemaker: Zn-Hg, Nuclear, Li/l
pacemaker 2.8 billion
defibrillator-cardioverter: Li/SVO defibrillator-
; 2 billion
cardioverter
artificial heart: Li/SVO, Li/CFx .
artificial heart 100M
drug pumps: Li/SOCI,, Li/CFx drug pumps/
. ; 370M
insulin pumps
insulin pumps: Li/CFx - - -
incontinence devices 3M
incontinence device: Li/SVO, Li/CFx bone growth stimulator 205M
@— bone growth stimulators: Li/l,
Li/CFx e
TOTAL $22.5 billion
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expertise

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Fundamental work: modeling, experiments and design of batteries

« solutions for interaction of elements, to create models [highly mathematical] (1995-2004)

« first-ever three-dimensional models of electrodes [finite elements] (2006)

« first-ever fully coupled electrochemical/mechanical/thermal models for Li-batteries (2007)
Optimization: system design of hybrid power sources, for microscale-->automotive systems

+ optimization of a MEMS power supply for a micro- gas chromatograph (2004)

+ optimization of a MEMS/Implantable for a cochlear implant (2005)

* new algorithm for design of hybrid vehicle systems (2006) - PATENT FILED

« fabrication and demonstration of a MEMS/Implantable power supply for an intraocular sensor
(2007) - PATENT FILED

Invention of new battery technologies - outside-the-cleanroom, three-dimensional microcells
+ invention of technique for microdeposition (2006) - PATENT FILED
+ demonstration of battery for an intraocular sensor (2007) - PATENT FILED

* NEXT STEPS: full range of electrochemistries,
OUTSIDE THE CLEANROOM - PATENT FILED
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W our technology

microdeposited battery: Ag/Zn
- MEMS compatible
- direct on-die processing capability
- outside the clean room (cost effective)
- smallest on-chip battery

microdeposition technique: materials demonstrated so far...
nickel (Ni), titanium (Ti), gold (Au), silver (Ag), zinc (Zn)

full-scale, 3D battery fabrication, outside the cleanroom -
design approach for Li batteries in progress
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W our technology: comparison

thin films: smart cards, implantable
medical devices, microelectronics,
wireless sensors, extreme temperatures
(high/low)

Secret sauce:

/ market size: $11 Billion
* Physical Vapor Deposition (PVD)

08 prismatic cells: medical devices,
* Pulsed Laser Deposition (PLD)

» Nd:Yag laser machining > portable electronics

Attributes

+ 3D electrode architectures

« solid or gel electrolytes \ market size: $7.5 Billion (US only)

microcells: emerging
MEMS/implantable sensors and

actuators
market size: $4 Billion
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talent pool: GROWING...

energy systems
engineering
program

First graduate program in the nation.

Goal To prepare engineers to design and

I t energy systi for innovative
ti by developing str ths in
their engineering discipline, to have
breadth in relevant engineering and
science, and to understand the critical
role af the enwmnment in energy

sy I g factors.

NEW!

MASTER OF ENGINEERING IN
ENERGY SYSTEMS ENGINEERING

AN INTERDISCIPLIARY PROGRAM FROM TH
ONVERSITY OF MICHIGAN COLLEGE OF ENGINEERING

INTRODUGING THE FIRST REQUIRED COURSE
IN THE NEW/ MASTER OF ENERGY SYSTEMS.
ENGINEERING DEGREE PROGRA!

MES599: Seminars in Energy
Systems, Technology and Policy

Fourleen three-hour sessions in which spaskers including
researchers, industry leaders, entrepreneurs and
policymakers discuss crtical issuos in onorgy
tschnologies Topics includs:

« Tho energy landscape: polcy, tectnology and
s for sustainable global energy systems

* Koy tochnologies: novol fuuis, storago, gororation and
davice techroiogies from portabies o automones 1o gnd

« Craating successful businesses in energy
technologles: lessons learmod and fuuro directions in
new and mature ndusries

. o think: sustainable systems
flaxible grids and te paih ahead i energy sysiems

Spoakers Include:

M. David Cole. Chairman of the Certe for Autormotive

Rescarch {CAR]

 Mr. James Croce, Crief Executive Officer, NexEnergy

* M dohn Denniston, Senor Patrer, KaoarPerks
Byers

3. Duderstadt, Universily of Nichigar
meilus and Universiy Professor of Science
and Engineering
= Dr. Stophen R. Forrest, Universiy of Michigan Vic
Prasident for Rese
Engineering and
and Engineerig
= Ms. Elizaboth Lowery, Gonorai Molors Viee Pross
Environmant and Energy. and Ghied Enviraamental
Offear
M. Ted Miller.

chnical Leader of Agvanced Batieres,

any.
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